Object. Anterior cervical discectomy and fusion (ACDF) is a widely accepted treatment for anterior degenerative or traumatic instability of the cervical spine. To reduce or eliminate complications such as implant migration and failure, imaging degradation, and fusion stress shielding that are occasionally associated with spinal instrumentation, attention has been given to the use of bioresorbable anterior cervical plate (ACP) devices. This paper is a preliminary report of a retrospective series in which a resorbable mesh and screw system was used for graft containment in singlelevel ACDF.
YMPTOMATIC cervical spondylolysis is a debilitating condition that commonly occurs in patients after the third decade of life. The complete natural history of symptomatic cervical degenerative disc disease is unknown, but the majority of patients present with symptoms of axial neck pain, radiculopathy and/or myelopathy, or a combination of these symptoms. 34 Although symptomatic cervical spondylolysis is not uncommon, the majority of patients respond well to nonoperative treatment measures. For patients who fail to respond to these treatment strategies, surgical options exist that are designed to alleviate neural compression and, if necessary, stabilize the functional spinal unit(s). 16, 35 Anterior cervical discectomy and fusion is a widely accepted treatment for anterior management of degenerative or traumatic instability of the cervical spine. 3, 4, 21, 33 An ACDF without instrumentation for a single-level disease is a time-honored procedure with a relatively high (90-95%) fusion rate. 3, 10 Multilevel cervical interbody fusions have a documented lower fusion rate due to the increased number of graft-bone surfaces required to heal as well as the increased instability/micromotion that results from multilevel disc excision. 22, 23 Well-designed controlled prospective clinical trials have shown that the addition of a static ACP has resulted in an improved fusion rate with less graft subsidence. 41, 42 A new trend in anterior plating technology is the concept of dynamization through a collapsing anterior fixation device. 9 This may occur through plate on screw sliding, or the use of nonlocked variable-angle screws or a telescoping plate. The value of this technology is the benefit of continuous graft loading during graft resorption and healing, decreased stress shielding, and the minimization of the risk of implant failure in the setting of a pseudarthrosis. 9 The use of metallic spinal implants is not without comAbbreviations used in this paper: ACDF = anterior cervical discectomy and fusion; ACP = anterior cervical plate; AP = anteroposterior; DBM = demineralized bone matrix; DSH = disc space height; PGA = polyglycolic acid; PLA = polylactic acid; VB = vertebral body; 70/30-PLLDA = 70/30 poly(L-lactide-co-D,L-lactide). S plications. Complications include implant migration and failure, imaging degradation, and fusion stress shielding. 8, 31 These complications may, in rare circumstances, require the removal of the implant in the perioperative period. 8, 31, 44 Because of these complications, there is a need to develop an anterior cervical fixation implant device that would compensate for the majority of disadvantages. The new device would be radiolucent and without imaging artifact. It would allow for dynamization and would optimally disappear or resorb after an appropriate time interval for bioincorporation of the interbody graft.
The need for this new device has led to the development of a new class of resorbable implants. Resorbable implants have been shown to degrade in a biological environment. Breakdown products incorporate into normal cellular physiological and biochemical processes. Resorbable materials have been shown to be biocompatible with degradation products that are well tolerated by the host with no immunogenic or mutagenic tendency. 7, 14, 18, 24, 27 Resorbable materials have been shown to confer initial and intermediate-term stability adequate for stable bony healing followed by gradual resorption after biological fixation has occurred. The material degrades with the healing process such that load is gradually transferred to the healing tissue.
14 The potential advantages of resorbable implants in spinal surgery include a more physiological modulus of elasticity in relation to native vertebral bone compared to much stiffer metal devices, no interference with radiographic studies, predictable resorption through bulk hydrolysis as carbon dioxide and water, and the elimination of residual metal hardware with the potential attendant complications of migration or dislodgment.
Several different types of resorbable polymers have been studied in the past. These materials were first introduced more than 30 years ago by Kulkarni, et al., 27 for use as resorbable sutures. During the past two decades, these materials have been successfully used for various methods of fracture fixation and the repair of craniofacial defects. 7, 24 Most attention has been given to a class of bioresorbable compounds known as alpha-polyesters or poly(alphahydroxy) acids. Alpha-polyesters are a family of chemical compounds including PLA and PGA. 24 These compounds have been shown to be completely resorbable within bone tissue. 13, 19, 29 However, differences exist between compounds with regard to rate of degradation and incidence of inflammatory tissue reactions. For example, polylevolactic acid, a stereoisomer of PLA, has exhibited the slowest rate of degradation, with a half-life of 6 months. 24, 29, 40 Polyglycolic acid has also been shown to produce less of a tissue reaction than comparable volumes of PLA. 20, 39 Several clinical applications have been established for these new resorbable compounds. The development of resorbable tacks, suture anchors, and screw-and-washer implants has demonstrated efficacy in myriad musculoskeletal applications. These compounds have been studied and used successfully in open Bankart repairs, 43 allinside meniscal repairs, 17 ligament reconstruction, 12 and fracture fixation.
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Although there are many benefits to the use of resorbable implants, there has historically been a concern about the potential for aseptic inflammatory wear debris generated during implant resorption. In a study by Bostman and Pihlajamaki, 6 The recent introduction of stereoisomers of PLA has significantly decreased the reported incidence of these soft-tissue reactions.
This paper is a preliminary report of a retrospective series by a single spinal surgeon (B.V.) in which a resorbable mesh and screw system (OS Reconstructive Mesh; MacroPore Biosurgery, Inc., San Diego, CA) was used for graft containment in single-level ACDF. The resorbable MacroPore OS Reconstructive Mesh has been cleared by the Food and Drug Administration as a Class II device for the indications of spine graft containment and is to be used in conjunction with rigid internal fixation.
Clinical Material and Methods
All patients consented to participate in this retrospective analysis. An ACDF was performed by a single surgeon via an anterior approach in nine patients with a diagnosis of cervical degenerative disc disease or traumatic disc disruption between October 2001 and March 2002. All patients had a symptomatic disc herniation at a single level that was refractory to a minimum of 2 months of conservative management consisting of antiinflammatory medications, physical therapy, and a period of rest and immobilization. All patients had radicular symptoms with or without axial neck pain. No patients had symptoms of cervical myelopathy. Patients who failed to respond to nonoperative treatment were offered surgical treatment that consisted of an anterior cervical fusion as originally described by Robinson and Smith 32 and modified by McAfee, et al. 28 At the time of surgery, following the fusion portion of the procedure, an anterior cervical resorbable mesh (OS Reconstructive Mesh) was applied across the fused segmental level (Fig. 1) . Each plate was a 1-mm piece of mesh cut to the desired length and width, and held in place with four 2.4-mm-diameter screws ranging in length from 8 to 14 mm. The screws were applied following tapping of the plate and bone.
A chart review was performed retrospectively to gather pertinent patient data including demographics, age, sex, height, weight, duration of symptoms, physical examination, imaging results, surgical approach and level, the use of allograft or autograft bone graft, length of follow up, and postoperative complications including difficulty swallowing, hoarseness, neck pain, or infection.
An independent radiologist (J.C.) reviewed all imaging data to determine the success or failure of bony (graft) consolidation and to observe healing characteristics (void and artifacts) of the fusion mass in the presence of the resorbable implant. Fusion was identified by the absence of motion between the spinous processes on flexion-extension lateral radiographs; the absence of a radiolucent gap between the graft and host vertebral endplates; and the presence of continuous, bridging, bony trabeculae at the graft-host vertebral endplate junction. A pseudarthrosis was identified radiographically by the absence of osseous trabecular bridging between the graft and host vertebral endplates, motion between the spinous processes on dynamic radiographs, and the presence of a lucent line at the graft-vertebral endplate junctions.
In addition, soft-tissue response (prevertebral soft-tissue space) at the location of the resorbable plate was assessed on follow-up plain radiographs. The prevertebral soft-tissue space was measured as the AP soft-tissue shadow between the anterior cervical VB cortex and the border of the esophageal shadow (Fig. 2) . The sagittal alignment of the cervical spine was measured with the Cobb technique (kyphosis [ϩ]/lordosis [Ϫ]) (Fig. 3) . This involved measuring the angle subtended by two lines drawn perpendicular to the superior endplate of the cephalad vertebra and the inferior endplate of the caudal vertebra. Vertebral body and DSH was measured as the distance between the superior endplate of the cephalad VB and the inferior endplate of the caudal VB measured at the midpoint of the endplate in the AP plane (Fig. 4) .
Patient outcome following surgery was determined according to the Odom criteria, 30 which divides outcome into four groups. An excellent outcome included patients who had no complaints referable to cervical disease and were able to carry on their daily occupations without impairment. A good outcome included patients who had intermittent discomfort related to cervical disease but did not significantly interfere with their work. A satisfactory outcome included patients who had subjective improvement but whose physical activities were significantly limited. A poor outcome included patients who did not improve or were worse compared with their condition before the procedure.
Results
Between October 2001 and March 2002, nine patients underwent an ACDF followed by resorbable mesh stabilization ( Fig. 5; Tables 1-3 ). The resorbable implants are made of a medical grade PLA copolymer 70/30-PLLDA. Two resorbable screws were placed in the cephalad vertebra and two screws were placed in the caudal vertebra. This resulted in the placement of approximately 0.88 g of material per patient.
Four men and five women comprised the study population. The mean age of the patients was 46.1 years (range 36-63 years). All patients had a diagnosis of cervical disc degeneration or disruption with radiculopathy and/or myelopathy and all had failed to improve with nonoperative treatment. An anterior right-sided Smith Peterson surgical approach was used in all patients. The C4-5 level was treated in one patient; C5-6 in five patients; and C6-7 in three patients. Allograft fibular strut with DBM was used in all patients. Table 4 ). The average VB/DSH measured 37.3 mm immediately postoperatively (range 31-52 mm) and averaged 35.2 mm at most recent follow up (range 29-49 mm) ( Table 5 ). This represented an average subsidence of 6.2% (range 2.7-11%). The average degree of cervical kyphosis/lordosis was 2.2˚ (kyphosis) immediately postoperatively (range Ϫ4˚ of kyphosis to 9˚ of lordosis) and 4.5( kyphosis) at the most recent follow up (range Ϫ6˚ of kyphosis to 18˚ of lordosis) ( Table 6) .
Seventy-seven percent of patients had a successful fusion radiographically at the most recent follow-up evaluation. The use of cigarettes did not correlate with fusion healing success. Of the nine patients, eight were found to have an excellent outcome based on Odom criteria; one patient was found to have a good outcome; no patients were found to have satisfactory or poor outcome. The screw paths were only discernable radiographically immediately postoperatively in 33% of patients and eventually disappeared completely at follow up in all patients except one. This patient was noted to have a circular lucency radiographically at the inferior proximal screw path on postoperative Day 83. Radiographically, on postoperative Day 175, the area of radiolucency at the proximal screw path was diminishing due to surrounding osseous ingrowth (Fig. 6 ). This patient demonstrated no evidence of radiographic anterior reactive soft-tissue changes in the region of the cervical implant on postoperative follow up (Days 83 and 175).
Discussion
In this retrospective case series of cervical spine FIG. 3 . The sagittal alignment of the cervical spine was determined using the Cobb technique of measuring the angle subtended by two lines drawn perpendicular to the superior endplate of the cephalad VB and the inferior endplate of the caudal VB prior to fusion and mesh placement (upper) and after fusion and mesh placement (lower). arthrodeses involving a bioresorbable plate and screw, we found that the clinical results were favorable and consistent with the outcomes in series in which metallic implants were used as a stabilization device. Radiographic evaluation revealed that the bioresorbable plate and screws are not visible in the majority of cases. When the screw paths were present, they tended to disappear over time due to osseous ingrowth. Only one patient demonstrated evidence of a circular lucency at the proximal screw path on a follow-up radiograph. This lucency gradually diminished on follow-up radiography due to osseous bone ingrowth. Radiographic evidence of fusion was present in the majority (77%) of patients; however, the follow-up period was short and the ultimate fusion rate is indeterminate. Fusion nonhealing in this study may also be related to an allograft bone source that was used in all patients combined with a weakly osteoinductive fusion adjunct (DBM) without the presence of an autologous bone source (that is, iliac crest bone graft, the gold standard). Minimal subsidence occurred in several cases as would be expected when using an allograft cortical interbody graft. Prevertebral soft-tissue swelling slowly resolved in all patients and there was no indication of any soft-tissue inflammatory reaction during implant resorption.
The bioresorbable mesh and screw system used in this study was shown to be effective in terms of preventing graft migration and providing interim stability while bony fusion occurred in the follow-up period. As inferred by symptoms and follow-up plain radiographs, there was no evidence of any significant inflammatory response, which is consistent with previous studies using alpha-polyester implants for other orthopedic and maxillofacial applications. The combination of the implant system and intervertebral bone graft was shown to maintain DSH and VB height adequately, as well as overall sagittal alignment.
One attribute of a resorbable implant is the lack of imaging interference and artifact because only the bone is visible and not the implant (Fig. 5) . However, this feature also makes visualization of the implant difficult when attempting to assess any movement/migration or failure of the device, should it occur. In this series, the surgeon used a 2.4-mm-diameter screw that threaded into the plate after the plate and vertebral bone were tapped. There was, however, no formal locking mechanism between the plate and screw. Without any radiographic marker such as a hydroxyapatite or tantulum bead at the implant margins, the surgeon is unaware if any early implant migration has occurred. The use of a postoperative cervical collar for up to 6 weeks may have restricted cervical range of motion and therefore the loads exerted on the graft and containment mesh and screws, reducing the likelihood of screw failure. If the resorbable implant fails, the most conceivable mode will be shear failure of the screw head at the thread runout. This portion of the screw will most likely be encapsulated in fibrous tissue during the resorption period. Although these screws will weaken over time as the resorption process occurs, the average percentage of initial strength that is retained at 26 weeks of implantation for the polymer used in these implants is 97% of initial shear load. 15 This value decreases to 73% at 39 weeks and 32.4% at 52 weeks (KA Thomas: Data on file at MacroPore Biosurgery).
The resorbable implants in this study are manufactured from a medical-grade PLA copolymer 70/30-PLLDA, which is degraded and resorbed through the process of bulk hydrolysis and is ultimately metabolized into carbon dioxide and water. This polymer has a substantial history of use in medical implants and has been assessed in various animal models for its biocompatibility with bone, brain tissue, and dura. 15, 24, 26, 36, 45 A noninstrumented single-level ACDF is typically successful. Many surgeons elect to apply anterior instrumentation to prevent graft settling and expulsion and to reduce motion across the grafted segment. The presence of an anterior plate has also led many physicians to abandon postoperative collar immobilization for single-and twolevel interbody fusions.
The concept of a dynamizing anterior plating system, such as in the Depuy AcroMed DOC plate (Raynham, MA), the Aesculap ABC plate (Bethlehem, PA), and the Medtronic Sofamor Danek Premier plate (Memphis, TN), has been suggested to allow load sharing that will stimulate the body potentially to increase the likelihood of fusion across the graft site. Unlike titanium, the elastic modulus of this resorbable material compares favorably to bone (Table 7) . This characteristic may contribute to a more optimum load-sharing relationship between the implant and bone while reducing the possibility of longterm complications related to hardware migration or displacement.
Kitchel, et al., 25 have shown that a resorbable plate may be used for graft containment and a reduction in local motion and increased stiffness across the instrumented segment in cadaveric lumbar spines. In this study, the bioabsorbable plate acted as a tension band to stabilize the multilevel cages in extension and prevent cage displacement anteriorly compared to cages alone (p = 0.040). 25 The newly developed bioabsorbable graft containment system used in this series appears to be a safe alternative to metallic hardware in single-level anterior cervical reconstruction procedures. The potential advantages of resorbable materials in spine surgery are significant and include no interference with radiographic studies, predictable resorption through bulk hydrolysis as carbon dioxide and water, and the elimination of long-term residual metal hardware.
Future designs of anterior cervical resorbable fixation devices may begin to resemble the metallic counterparts (Fig. 7) . Concerns related to design will be strength (if internal or external rigid stabilization is not used), profile, screw/plate locking mechanism, ability to identify presence and location radiographically, and ease of application and revision. 
FIG. 7.
Proposed future configuration of resorbable cervical plate and screws. The plate is similar in design to contemporary anterior plate designs with a locking screw mechanism that involves a blocking tab and welding mechanism to prevent screw backout.
